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Abstract of JP7247293 

PURPOSE:To obtain a fluorine-containing silicon compound which shows good penetration and 
stability, when it is used as a lubricant, foaming agent, resin modifier, heat medium, inert medium or 
leveling agent, gives no adverse effect on the material, particularly plastics and causes no ozone 
depletion effect and reduced global warming. CONSTlTUTlONiThe medium is represented by the 
formula: (R<1>0)nSiR<2>4-n (R<1> is a straight or branched fluoroalkyl of 2 to 8 carbon atoms, R<2> 
is an alkyl group, n is 1-4), namely a fluorine-containing silicon compound which has at least one 
hydrogen atom and fluoroalkoxy groups. 
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(54) MEDIUM OF FLUORINE-CONTAINING SIUCON COMPOUND 

(57)Abstract: 

PURPOSE: To obtain a fluorine-containing silicon compound which shows good penetration and 
stability, when it is used as a lubricant, foaming agent, resin modifier, heat medium, inert medium or 
leveling agent, gives no adverse effect on the material, particularly plastics and causes no ozone 
depletion effect and reduced global warming. 

CONSTITUTION: The medium is represented by the formula: (RlO)nSiR24-n (R1 is a straight or 
branched fluoroalkyl of 2 to 8 carbon atoms, R2 is an alkyl group, n is 1-4), namely a fluorine- 
containing silicon compound which has at least one hydrogen atom and fluoroalkoxy groups. 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The medium which consists of a fluorine-containing silicon compound which 
has the fltuoro alkoxy group which is expressed with the following general formula (1), 
and has at least one or more hydrogen atoms in intramolecular. 
[Formula 1] 

(R l O) a S i R a 4- n CD 

[Claim 2] Lubricant which consists of a fluorine-containing silicon compound according 
to claim 1. 

[Claim 3] The foaming agent which consists of a fluorine-containing silicon compound 
according to claim 1 

[Claim 4] The resin modifier which consists of a fluorine-containing silicon compound 
according to claim 1 . 

[Claim 5] The release agent which consists of a fluorine-containing silicon compound 
according to claim 1. 

[Claim 6] The heat carrier which consists of a fluorine-containing silicon compound 
according to claim 1- 

[Claim 7] The insulating medium which consists of a fluorine-containing silicon 
compound according to claim 1 . 

[Claim 8] The inactive medium which consists of a fluorine-containing silicon compound 
according to claim 1. 

[Claim 9] The leveling agent which consists of a fluorine-containing silicon compound 
according to claim 1. 



[Translation done.] 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the medium which consists of a 
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fluorine-containing silicon compound which has a fluoro alkoxy group. It is related with 
the lubricant which consists of this fluorine^ontaiiiing silicon compound, a foaming 
agent, a resin modifier, a release agent, a heat carrier, an insulating medium, an inactive 
medium, and a leveling agent in more detail. 
[0002] 

[Description of the Prior Axt] Conventionally, since the slraight-mineral-oil system 
medium and silicon oil which add to the inactive medium used for test liquid, such as a 
gross leak test of lubricant, the foaming agent of resin, a resin modifier, a release agent, a 
heat carrier, an insulating medium, and electronic parts, a thermal-shock test, and a 
liquid-bum-in test, etc., ink, a coating, a wax, etc, and are used and which are widely 
used as a leveling agent etc. are inflammability, a fire-resistant or noucombuslible 
medium is desired from a disaster prevention side. As a medium suitable for the pmpose, 
perfluoro compounds, such as chlorination fluorinated hydrocarbon, the shape of a chain 
and the annular perfluoro alkane and par FUROORO amine which are represented by 
trichlorofluorometbane (CFC11), l^O-trichloro-l^^-trifluoroethane (CFC1 13) ) etc., 
and the perfluoro ether, are excellent in permeability, and they are incombustibility and 
low toxicity, and its effect on rubber or plastics is small, and they are widely used as a 
medium which was excellent since it was chemically stable, heat and. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since it became clear that the 
chlorine atom whose chlorination fluorinated hydrocarbon which has the description 
which was excellent in this way is one of the configuration element of this destroys the 
ozone layer which surround the earth by becoming a catalyst, it was fixed internationally 
that CFC1 1 and CFC1 13 will be abolished in 1996. On the other hand, a perfluoro 
compound has a very long life when the outstanding stability is therefore emitted into 
atmospheric air, therefore the global warming effectiveness is very large, and the use is 
not desirable. Although development of the new medium which replaces these is 
indispensable in order to cope with such a problem, it is in the situation that the still 
effective alternative is not found out. This invention offers the outstanding medium also 
with the small global warming effectiveness, without being made in view of the above 
situation and causing destruction of an ozone layer. 
[0004] 

[Means for Solving the Problem] The fluorine-containing silicon compound which has 
specific structure as a result of this invention's repeating research wholeheartedly in view 
of the present condition of the above-mentioned conventional technique, Namely, the 
medium which consists of a fluorine-containing silicon compound of the following 
general formula (1) which has a fluoro alkoxy group There is no possibility of destroying 
an ozone layer since chlorine is not contained in a molecule. Moreover, the global 
wanning effectiveness is short [ in atmospheric air ], since a hydrogen atom is contained 
in a molecule, namely, small. It has the same outstanding permeability and stability as the 
CFCl 13 grade currently used conventionally, excels also in cold-temperature fluidity, 
finds out that they are a metal, plastics, and the outstanding medium that does not invade 
an elastomer, and came to complete this invention. That is, this invention offers the 
medium which consists of a fluorine-containing silicon compound which has the fluoro 
alkoxy group which is expressed with the following general formula (1), and has at least 
one or more hydrogen atoms in intramolecular. 
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[0005] 

[Formula 2] 

(R l O) n S i RV, (1) 

[0006] The medium in this invention is a compound which carries migration of the matter 
itself, the heat transfer between matter, etc., and the functional fluid specifically used as 
lubricant, a foaming agent, a resin modifier, a release agent, a heat carrier, an insulating 
medium, an inactive medium, a leveling agent, etc. is said. As a fluoro alkyl group which 
has the straight chain of the carbon atomic numbers 1-12 expressed with Rl, or branching 
in the general formula (1) shown in this invention For example, a 2 and 2-difluoro ethyl 
group, 2 and 2, 2-trifluoro ethyl group, A 3 and 3-difluoro propyl group, 3 and 3, 3- 
trifluoro ROPIRU radical, 2, 2, 3, and 3-tetrafluoro propyl group, 2, 2, 3 and 3, a 3- 
pentafluoro propyl group, A 1, 1, 1, 3, 3, and 3-hexafluoro isopropyl group, 1, 1 and 3, 3- 
tetrafluoro isopropyl group, 2-triflucffomcthyl -3,3, and 3-trifluoro propyl group, 2, 2, 3, 
4 and 4, 4^hexafluoro butyl, Nona fluoro-t-butyl, 2, 2, 3, 3, 4 and 4, 4-heptafluoro butyl, 
A 2, 2, 3, 3, 4, 4, 5, 5, and 5-nona fluoro pentyl radical, 2, 2, 3, 3, 4, 4, 5, 5, 6 and 6, 6- 
undeca fluoro hexyl group, etc. are mentioned. For example, 2-perfluoro propoxy - The 
oxygen atom may be included in the chain like 2, 3, 3, and 3-tetrafluoro propoxy group. 
The fluoro alkyl group which has the straight chain of the carbon atomic numbers 2-9 or 
branching whose fluorine atom does not have a fluorine atom on the carbon atom 
contiguous to an oxygen atom by two or more pieces among these radicals is desirable, 
and since it is hard to hydrolyze, the compound with which a fluorine atom has five or 
more fluoro alkyl groups especially is still more desirable. 

[0007] Moreover, in this invention, it is the same or the alkyl group which is different 
from each other as an alkyl group of R2, and a methyl group, an ethyl group, a propyl 
group, an isopropyl group, butyl, an isobutyl radical, 2-butyl, t-butyl, a pentyl radical, a 
hexyl group, a heptyl radical, an octyl radical, etc. are specifically mentioned, 
[0008] As a flucnine^mtaining silicon compound which has the fluoro alkoxy group 
expressed with the above-mentioned general formula (1) of this invention Specifically 2, 
2, and 2-trifluoroethoxy trimethyl silane, A 2, 2, 3, 3, and 3-pentafluoro propoxy 
tiimethyl silane, 2, 2, 3, 3, 4, 4, and 4-heptafluoro butoxy trimethyl silane, 2, 2, 3, 3, 4, 4, 
5, 5, and 5-NONAFURUORO pentyloxy trimethyl silane, A 2, 2, 3, 3, and 3-pentafluoro 
propoxy triethyl silane, 2, 2, 3, 3, and 3-pentafluoro propoxy dimethyl ECHIRUSHIRAN, 
A 1-H-hexafluoro isopropoxy trimethyl silane, a nona fluoro-t-buloxy trimethyl silane, I 
and I -screw (trifluoromethyl) ethoxy TORIME chill silane, 2, 2 and 3, and 3-tetrafluoro 
propoxy trimethyl silane, A 2, 2, 3, 4, 4, and 4-hexafluoro butoxy trimethyl silane, A 
dimethyl screw (2, 2, and 2-trifluoroethoxy) silane, a methyl tris (2, 2, and 2- 
trifluoroethoxy) silane, An ethyl tris (2, 2, and 2-trifluoroethoxy) silane, a propyl tris (2, 2, 
v and 2-jtrifluoroethoxy) silane, A diethyl screw (2, 2, and 2-trifluoroethoxy) silane, a 

dimethyl screw (1, 1, 1, 3, 3, and 3-hexafluoro isopropoxy) silane, A diethyl screw (1,1, 

i 

i 

i 

i 

. I 
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1. 3, 3, and 3-hexafluoro isopropoxy) silane, A methyl tris (2, 2, 3, and 3-tetrafluoro 
propoxy) silane, A dimethyl screw (1, 1, 3, and 3-tetrafluoro isopropoxy) silane, A 
dimethyl screw (2, 2, 3, 4, 4, and 4-hexafluoro butoxy) silane, A dimethyl screw (2, 2, 3, 

3. 4, 4, and 4-heptafluoro butoxy) silane, A dimethyl screw (2, 2, 3, 3, and 3-pentafluoro 
propoxy) silane, A methyl tris (2, 2, 3, 3, and 3-pentafluoro propoxy) silane, A diethyl 
screw (2, 2, 3, 3, and 3-pentafluoro propoxy) silane, An ethyl tris (2, 2, 3, 3, and 3- 
pentafluoro propoxy) silane, An ethyl methyl screw (2, 2, 3, 3, and 3-pentafluoro 
propoxy) silane, A propyl tris (2, 2, 3, 3, and 3-pentafluoro propoxy) silane, A butyl tris 
(2, 2, 3, 3, and 3-pentafhxoro propoxy) silane, A tetrakis (2, 2, and 2-trifluoroethoxy) 
silane, a tetrakis (2, 2, 3, 3, and 3-pentafluoro propoxy) silane, A tetrakis (1,1,1,3, 3, 
and 3-hexafluoro isopropoxy) silane, A methyl tris (I, 1, 1> 3, 3, and 3-hexafluoro 
isopropoxy) silane, a dimethyl screw (nona fluoro-t-butoxy) silane, a methyl tris (nona 
fluoro-t-butoxy) silane, etc. are mentioned. 

[0009] Since the compound whose number of fluoro alkoxy groups is 2-3 is 
nonflammable or fire retardancy and it is hard to hydrolyze it in these, it is more desirable. 
The fluorine-containing silicon compound which has these fluoro alkoxy groups can be 
manufactured by the well-known approach. It is obtained very easily by making fluorine- 
containing alcohol (foT example, ROH:R being the same as said Rl) react with 
corresponding chlorosilicane generally (for example, J.Pola et aL, 
CoUect.Czech_Chem.Comm.un., 44 volumes, 750-755 pages, 1979). 
[0010] The medium which consists of this fluorine-containing silicon compound has a 
boiling range in the suitable range, since surface tension is small, it is excellent in 
permeability, and it is chemically stable, and does not have a bad influence on materials, 
such as plastics, but is low toxicity, and heat and since many fluorines are included, it is 
fire retardancy or a nonflammable medium. Therefore, when it uses as lubricant and good 
lubricity is demonstrated since the surface energy is small, it excels also in the fluidity in 
low temperature. Moreover, as a foaming agent of resin, when it uses for example, for 
extrusion foaming, since it has moderate compatibility with resin at an elevated 
temperature, it can use suitably. When it mixes to resin as a resin modifier, chemical 
resistance, lubricity, a mold-release characteristic, non-adhesiveness, and hydrofuge and 
oil repellency can be given to resin. Good detachability is acquired when it uses as an 
abherent at the time of molding of rubber, or molding of resin as a release agent. When it 
uses as a heat carrier, the low melting point and since hypoviscosity, it can use suitably as 
a medium of a cryostat or a thermostat. When it uses as an insulating medium, the high 
insulating engine performance is shown and it excels also in the fluidity in low 
temperature. As an inactive medium, it can use as a stable medium excellent also in the 
fluidity in low temperature a$ test liquid, such as a gross leak test, a therraal-shock test, 
and a liquid-bum-in test, or preservation liquid for electronic parts. Moreover, when it 
adds to ink, a coating, and a wax as a leveling agent, wettability is improved remarkably. 
[001 1] these media arc independent — or it can be used, mixing, respectively. Moreover, 
it can also be used, mixing with the mineral oil system medium currently used 
conventionally, or silicon oil and a fluorocarbon system medium- Moreover, a stabilizing 
agent may be used as occasion demands. As this stabilizing agent, a nitro compound, 
unsaturated hydrocarbon, an epoxy compound, a phenolic compound, an alkenyl amine, 
an annular nitride, unsaturated alcohol, etc. are mentioned In addition, various 
surfactants may be added for the purpose. 
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[0012] Since the compound which has many fluorine atoms is included in intramolecular, 
and it is incombustibility or fire retardancy, it excels in stability and it has permeability 
comparable as conventional CFC1 13, the medium of this invention can be suitably used 
as a medium. The medium which consists of the above-mentioned fluorine-containuig 
silicon compound of this invention has permeability and good stability, and they are 
nonflammable or fire retardancy. Moreover, since it does not have a chlorine atom, and 
the destructive problem of an ozone layer is not produced and a hydrogen atom is 
contained in a molecule, the global warming effectiveness is also small. 
[0013] 

[Example] Hereafter, although the example of this invention is shown, this invention is 
not limited to this. 

There is surface tension as an index of the most important permeability as a property of 
examples 1-12 and the example 1 of a comparison - 2 fluorine-containing ******. The 
surface tension in 23 degrees C of the medium of this invention, the boiling point, the 
melting point used as the index of cold-temperature fluidity, and the viscosity in 23 
degrees C were shown in Table 1. Moreover, the measured value or the reference value 
of octametbylcyclotetrasiloxane which is CFC1 13 and a silicone compound was also 
shown for the comparison. 
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0015] From the result of Table I, since surface tension is level equivalent to CFC1 13 or 
octamethyicyclotetrasiloxane, the medium of this invention is excellent in permeability, 
and it is useful as lubricant, a resin modifier, a release agent, and a leveling agent. 
Moreover, since the melting point i$ fully low at hypoviscosity, compared with 
octamethylcyclotetrasiloxaue, cold-temperature fluidity is excellent, and lubricant and 
especially a heat carrier are useful as the medium of a cryostat, and an insulating medium 
and an inactive medium. 

The medium of 13 to example 21 this invention was shaken at 1 hour or 80 degrees C 
with the room temperature with water for 4 hours, and the existence of decomposition 
was measured by GC analysis. The result was collectively shown in Table 2. 
[0016] 
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0017] From the result of Table 2, the medium of this invention is excellent in chemical 
stability, therefore useful as lubricant, a foaming agent, a resin modifier, a release agent, 
a heat carrier, an insulating medium, an inactive medium, and a leveling agent. 
The flash point of the medium of examples 22-28 and example of comparison 3 this 
invention was measured by the tag direct vent system. However, about the compound 
which does not have the flash point in 80 degrees C or less, it measured by the Cleveland 
unvented system further. Moreover, it measured similarly about the 
octamethylcyclotetrasiloxane which is a silicone compound for the comparison. The 
result was collectively shown in Table 3. 
[0018] 
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[Table 3] 
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[0019J When the medium of this invention is nonflammable or a high flash point liquid, 
therefore it uses from the result of Table 3 as lubricant, a foaming agent, a release agent, 
a heat carrier, an insulating medium, and an inactive medium, it excels in safety. 
It was immersed in the various media of this invention at 45 degrees C for 1 hour, and at 
the room temperature, after 2-hour neglect, weight rate of change took out the rate of a 
dimensional change, and measured the test piece of examples 29-34 and example of 
comparison 4 each plastics immediately after. Moreover, the trial with the same said of 
CFC113 was performed for the comparison. The result was collectively shown in Table 4, 
[0020] 



PA<£ 23/37 * RCVDAT 2/21/2005 6:46:45 PM [Eastern Standard Time] * SVR:U$PTO-EFXRF-1/0 * DNIS:8729306 1 CSID:612 331 7401 * DURATION (mm-ss):10-18 



02/21/2005 17:53 FAX 612 331 7401 



IPLM GROUP, P. A. 



E3 024 



Table 4] 
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0021] The medium of the result of Table 4 to this invention is useful especially as the 
lubricant which does not have a bad influence on plastics, is contacted for a plastics 
material, and is used, a release agent, a heat carrier, an insulating medium, and an 
inactive medium. 
[0022] 

[Effect of the Invention] The medium which consists of a fluorine^ontaining silicon 
compound which has the fluoro alkoxy group of this invention has permeability and good 
stability, and it does not have a bad influence on a material, especially plastics. Since it 
furthermore does not have a chlorine atom, and the destructive problem of an ozone layer 
is not produced and a hydrogen atom is contained, the global warming effectiveness is 
also small. Since it is applicable to CFC, conventional perfluorocarbon, and a 
conventional EQC, it is very worthy. 
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